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Molecular Mobility in Amorphous Sucrose Films Monitored by Riboflavin
Phosphorescence - Potential Applications in Edible/Biodegradable Films
Yan L. Wang, Maria G. Corradini, Richard D. Ludescher.
Department of Food Science, Rutgers University, New Brunswick, NJ, USA.
The physical properties of amorphous biomolecules play a critical role in sta-
bility of food, pharmaceutical, and biotechnological products. Consequently,
they have an impact on formulation design and quality control of amorphous
products.
Molecular mobility, heterogeneity, and air permeability have been monitored
in amorphous materials using Generally Recognized as Safe (GRAS) lumines-
cent probes, i.e., tryptophan and erythrosine B. Given its GRAS status and
widespread availability, we hypothesize that riboflavin can be used as a conve-
nient and safe intrinsic luminescent probe to study the physical properties of
amorphous films. Riboflavin phosphorescence has only been reported at tem-
peratures below 77K and in solid matrices.
The objectives of this study were: 1)to investigate riboflavin phosphorescence
sensitivity towards molecular mobility in a disaccharide model system, 2)to
characterize the temperature dependence of riboflavin phosphorescence in
amorphous films.
Sucrose was used as a model system to assess riboflavin’s applicability as
a phosphorescent probe of the physical state of edible films. Steady-state
and time-resolved phosphorescence of riboflavin in amorphous sucrose
films were collected over the temperature range from 30C to 60C.
Emission spectra were fitted with a log-normal function. The performance
of a stretched exponential and a multi-exponential function were evaluated
to characterize riboflavin lifetimes. The rate constant of non-radiative
decay (kTS0), a measure of molecular mobility, was calculated from
riboflavin’s average lifetime. Measures of the distribution of energetically
distinct environments were obtained from bandwidth (G), stretching expo-
nential factor (b), and fractional amplitudes (ai) parameters. The analysis
of fitted parameters as a function of temperature revealed two temperature
regimes below Tg in sucrose films with a transition at 10C. Implications
of these findings on riboflavin’s potential applications as a luminescent
probe of physical properties of amorphous biomolecules and edible films
are discussed.3131-Pos Board B561
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The dipole interaction model (assembled into the computer package
DInaMo) uses a classical electromagnetic theory for calculating the far
UV circular dichroism (CD) of peptides and proteins. DInaMo reduces
all amide chromophores to a single point with anisotropic polarizability
and all nonchomophoric aliphatic atoms to points with isotropic polariz-
ability. By determining interactions among the chomophoric and nonchro-
moporic parts of the molecule using empirically derived polarizabilities,
the rotational and dipole strengths are determined leading to the calculation
of CD. Polarizabilities are largest for the chromophoric points and smaller
for the nonchromophoric points with hydrogens having the smallest polar-
izabilities. It is possible to collapse hydrogen polarizability onto the atom
to which it is bound or ignore it in the CD calculation creating a united
atom approach. Ignoring CH3 group hydrogens and treating only the
p-p* transition reproduces experiment in the region of 180 to 210 nm
well, showing bands with similar morphology and absorption maxima for
the p-p* transition. Recent calculations on small peptides and proteins in
which both CH3 and CH2 group hydrogens have been ignored seem to pro-
duce better CD results than ignoring only the CH3 group hydrogens. Also,
preliminary calculations using the mean polarizability values of the CH3
and CH2 groups show some good prospects of further improving the CD
calculations with the DinaMo package. In addition, initial calculations
indicate that DInaMo has the potential of including the n-p* transition in
the CD calculations.3132-Pos Board B562
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We report femtosecond Laser-induced Breakdown Spectroscopy (fs-LIBS)
measurements on several amino acids (Serine, Glutamine, and Cysteine) and
Albumin protein solutions mixed with ficoll at different concentrations. The
goal is to assess the effects of a host matrix on the identification and spectral
characterization of amino acids by fs-LIBS. fs-LIBS utilizes an intense short
laser pulse to obliterate a sample into basic constituents and to record the emis-
sion spectrum of atoms, ions, and molecules in the cooling down of the plasma
plume. Several spectral peaks associated primarily with elemental composition
of a sample were observed in the fs-LIBS spectra in a range from 200 to 950
nm. In addition, some molecular information associated with diatomic vibra-
tional modes in certain molecules such as C-C and C-N were also obtained.
The presence of ficoll affects the relative intensity and broadening of the C-
N band, which is a signature of the amino acids. The influence of ambient
gas on the fs-LIBS measurements was also analyzed under helium and argon
environments, and a different behavior of peaks associated with He and Ar
as a function of amino acids and ficoll mixture composition was observed.
The fs-LIBS data and their analysis compare favorably with those derived
from Fourier Transform Infrared Spectroscopy (FTIR). Interpretation of the
spectral information enclosed in the emission of the diatomic molecules during
laser ablation may lead to a better understanding of plume chemistry with a
direct consequence on chemical analysis of complex samples such as amino
acids. Altogether, the results demonstrate the potential of fs-LIBS technique
as a detection method of biomolecules and for probing interactions of these bio-
molecules with a host matrix.3133-Pos Board B563
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We have conducted fluorescence anisotropy measurements of fluorescein fluo-
rophores embedded in Ficoll solutions. Ficoll, a highly branched, hydrophilic
polysaccharide, is used as a model crowding agent for studies of the effects
of crowding on the behavior of nanoparticles. Fluorescein is a bright fluoro-
phore with well-known fluorescence spectrum. We have collected the measure-
ments with an ISS K2 frequency-domain fluorometer (470-nm excitation
wavelength and 1-100 MHz modulation frequency), and determined the fluo-
rescence lifetime, the fluorescence anisotropy, and the rotational correlation co-
efficient of the fluorescein as a function of ficoll concentration (up to 1200 mg/
ml.) As the ficoll concentration is increased, the lifetime of the fluorophores
show little change from 4.08 in water to 4.23 in 1200 mg/ml ficoll. However,
the rotational correlation coefficient measurements show significant changes.
At low ficoll concentrations no measureable interactions was observed. As
the ficoll concentration is increased, two rotational modes emerge for better
fitting of the data, which can be associated with free fluorophores and
fluorophore-ficoll interactions. Above 1000 mg/ml ficoll solutions the data
can be fit with a single rotational mode due to slowing down of the rotation
of fluorophores. We compare the results from the fluorescence anisotropy
and lifetime measurements with those from viscosity measurements and fluo-
rescence correlation spectroscopy measurements, the latter being related to
the translation diffusion.3134-Pos Board B564
Development of a Quantum-Mechanical Analysis of Stark Effects of
Porphyrins Employed as Sensors of Internal Electric Fields in Biological
Systems
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Chromophores in biological systems, such as heme, are exposed to strong
electric fields that are generated by charge distributions of the biosystems
themselves. These ‘‘internal electric fields’’ may be of magnitude of several
MV/cm, and, thus, may contribute to functional properties of a system. The
